1T iS perhaps iin iecessaxy to emphasize the importance of the studv of cell division by-mitosis. This process iis one of the most fimdamentai of mii mechanisms, so fimdamental indeed that, except in minor details, it has never been influenced by evolutionarv change. Obviously the pkvsiology of such a process is particularly fascinating, and in addition it is beco clear that its study may shed important hght on a variety of practical problems.
and has resulted on the one hand in the mass of observ-ations on the effects of carcmogemc substances, and on the other with the discoverv of the so-called mitotic poisons (Loveless and Revell, 1949) . Bv comparison, the direct study of the physiology of normal mitosis has been surprisingkv neglected, presumably because of the dificulty of the techniques involved, and because the practical value of such knowledge has not been fuRy appreciated.
The present discussion starts with a consideration of the physiology of normal mitosis in mam i--tissues and continues with an e n of it-s relation to modem work-on carc'mogenesis.
GLYCOGEN A-ND 3UTOSIS.
In recent years a considerable amount of attent-ion has been paid to the problem of mitotic activity in the epidermis of the mouse (BuRough, 1948a (BuRough, . 1948b (BuRough, , 1949a (BuRough, , 1949b (BuRough, , 1949c (BuRough, , 1949d (BuRough, , 195W, 1950b (BuRough, , 1950c and of the general biology of the skin (Meclawar, 1947 (Meclawar, , 1948 (Meclawar, , 1949 . The work on the mouse epidermis began with an analysis of the diurnal cvcle of mitotic activitv, which was found to be a simple rhythm directly determined by the waking and sleeping habits of the animals. DurhV the hours of activity the mitosis rate is severely depressed, while during the hours of rest and sleep it is high. Factors deter i i the form of the diurnal cycle are the accustomed times of feeding, the quantity and quahty of the food given, and the age and sex of the animals.
Following the discovery that muscular exercise and severe cold both depress mitotic activity, stuclies were made of the effect of the carbohydrate supply within the body. It was found that by means of subcutaneous injections of glucose or starch the mitosis rate can be raised in both active and sleeping mice to a level considerablv higher than normal. Conversely, the depression of the Further studies have indicated that the epidermal mitosis rate is related, not to the blood-sugar concentration, which is high during hours of activity and low during hours of sleep, but to the concentration of intracellular glycogen.
Bullough and Eisa (1950) have shown that the diurnal cycle of glycogen concentration in the skin is exactly similar to the diurnal cycle of epidermal mitotic activity. It is well known that glucose is deposited from the blood during sleep, and, while most of it is stored as glycogen in the liver, it is now evident that significant quantities are also deposited elsewhere.
The next question to be considered was that of the part played by glycogen or glucose in the process of cell division. The most obvious alternatives were either that carbohydrate is incorporated, for instance as ribose, in the new nucleoplasm or cytoplasm as it is formed, or that it is destroyed to provide energy.
The first alternative was rendered improbable when it was found that ribose itself has no obvious effect on epidermal mitotic activity. The second was strengthened when it was found that the stimulus obtained from extra starch can be augmented by coincident injections of phosphate, and that, conversely, mitosis can be almost eliminated by injections of phloridzin, a substance known to inhibit phosphorylation (Bullough, 1949b) . The conclusion that mitotic activity may involve the expenditure of a significant amount of energy also receives support from the results of experiments made with dividing eggs by such men as Brachet (1932) , Runnstrom (1933 ( ), and Zeuthen (1946 ( , 1947 ( , 1948 . Their work suggests that the respiration rate, as measured either by oxygen intake or carbon dioxide output, rises significantly during the divisions of echinoderm and amphibian eggs.
In mammalian epidermis the importance of oxygen has been stressed by Medawar (1947) in the rabbit, and by Bullough and Johnson (Bullough, 1950c) in the mouse. When this tissue is kept in vitro anaerobic conditions inhibit cell division, and it is now clear that glycogen, phosphate and oxygen are all involved at the onset of an epidermal mitosis. However, since in a normal body it seems unlikely that either phosphate or oxygen are ever in such short supply as to become limiting factors in cell division, further elaboration of this point is not necessary here.
DIET, MITOSIS AND CARCINOGENESIS.
Summarizing what has been said above it is evident that, in a normal mouse, carbohydrate in the form of glycogen or glucose is a most important substance determining mitotic activity, and that its apparent function is to supply the energy requirements of cell division. As one outcome of these conclusions it was to be expected that diet would be found to have an important effect on the mitosis rate, and this has now been confirmed (Bullough, 1949c The stfiking thing about these observations is that they paraRel so closely the resWts of recent work by Tannenbaum (1940a Tannenbaum ( , 1940b Tannenbaum ( , 1942a Tannenbaum ( , 1942b Tannenbaum ( , 1944a7 1944b Tannenbaum ( . 19451 1947 and Tannenbaum and Silverstone (1949a, 1949b) , who have studied the effects of restricted diets on carcinogenesis. In introducing this subject it is vitally important to emphasize that it is indeed the genesis of tumours that is being considered, and not the growth of tumours once they have been formed. The growth of a visible tumour is only influenced in slight degree by variatiorw in diet, and it is onlv in the process of tumour genesis that diet has an pronounced effect.
It has 2in fact, been known for some time that a direct relation exists between diet, body weight, and cancer incidence. The greater part of the earher evidence was reviewed bv Hoffman (1937) (1948) emphasized this strongly when he noted th-at " In the breast, fibro-adenomas are almost always situated in a bed of hyperplastic tissue, and persistent cystic hyperpLuia is an important pre-cancerous state. In the uterus various kinds of abnormal endometrial hyperptmia are frequent, and some of these pam insensibly into carcinoma. Carcinoma of the prostate frequently arises in an organ already the seat of be enlargement. -. . The clow relatiLonship of hepatic adenomas and carcmomas to regenerative hyperplasia is well known. In the sldn, epidermal hyperplasias, evoked by various, irritative and inflammatory lesions sometimes become cancerous.
In aU these cases it appears clear that the abnormal stimuh, regenerative or hormonal, which caR forth hyperplastic prohferation in the tissues . . . may, should they persist, eventuaRy evoke progressive neoplasia as weR."
Incidentallv this seems to be the explanation of the action of croton oil, which, after the applfcation of a carcmogen, greatly increases the tumour yield in mice.
It is a substance which has been shown to cause a local increase of as much as six-fold in the epidermal mitosis rate (Buflougb, unpubhshed).
Here then is a possible e .planation of the apparent exceptions mentioned above. Evidently, when attempting to outhne a relationsMp between the mitosis rate and carcmogenesis, it is necessary to bear in mind not only the normal conditions within a tissue, but also any special hability towards abnormal byperplasia wbich that tissue may possess.
If now it is admitted that some connexion may be traceable between local mitotic activity and local tumour genesis, it is reasonable to consider that some connexion may aLso be found between the general mitosis rate of the body as a whole, and the chance that somewhere within that body a tumour may develop. It has been stressed that one factor which certainly stimulates both the general mitosis rate and the general likehhood of tumour development is an abundant supply of carbohydrate. A general rise in mitotic activity has also been described in middle-aged mice (Bullough, 1949d) , and it has been remarked that, if such increased mitotic activity should prove to be common in mmahan middle age, it may offer some explanation for the fact that this is characteristicaRy the cancer ageAs for the suppression of mitosis and of carcinogenesis, it is evident that both can be achieved by means of a restricted diet, and in view of the apparent role of carbohydrate during cefl division, it may be expected that anyt which limits the production of energy in the tissues wiR have a milar effect. One such substance is phloridzin, which inbibits phosphorylation, and another is dinitrophenol, which is said to uncouple the processes of phosphorylation and oxidation (Loomis and Lipmann, 1948) . As regards phloridzin, BuRough (1949b) has described its effect in depressing the mitosis rate, and he has also obtained results showing a lowered yield of spontaneous mammarv tumours. As regards dinitrophenol, Clowes and Krahl (1936) Environmental cold and muscular exercise are also known to depress mitotic activity, apparently by diverting to other uses the energy produced from carbohydrate (Bullough, 1949a) . Tannenbaum and Silverstone (1949b) (Steinbach and Duca, 1942) . It now appears that the whole subject of competition between oeRs. and perhaps also between tissues, is worthy of the most serious consideration for the practical results whicb it mav yield.
